Abstract: Suicidal behaviour remains difficult to predict and prevent, even for experienced mental health care professionals. The known distal risk factors for suicidal behaviour are not sufficiently specific to fully understand the complex dynamic processes that precede a suicide attempt. Realtime mobile monitoring data can be used to analyse proximal risk mechanisms within the suicidal process. At the same time smartphone-based safety planning and self-monitoring may enhance a patient's self-management skills thereby increasing their capacity to respond to a suicidal crisis and to become more aware of crisis symptoms. The current paper describes the theoretical and conceptual rationale for the CASPAR study which applies an innovative approach to the study of suicidal processes. It uses basic science approaches to inform the implementation of an innovative suicide prevention intervention. We aim to develop and implement mobile safety plan in conjunction with real-time monitoring in order to both directly implement suicide prevention interventions and to study the ongoing dynamics of individual suicidal behaviour by applying network analysis.
Introduction
Suicidal behaviour results from a complex interaction between biological, social and psychological factors (e.g., gender, the experience of stressful life events and mental disorders) [1, 2] . Our understanding of the factors associated with suicide has grown in recent decades, but it is still unclear how those factors interact with each other [2] . As a consequence of this indistinctness, suicidal risk factors are of limited clinical use in the identification of individuals who are most at risk of acting on their thoughts of suicide [1, 3, 4] . Even for experienced mental health care professionals suicidal behaviour remains extremely difficult to predict and prevent [4, 5] . According to a review of 40 studies, approximately one-third of people who die by suicide had been in contact with mental health care in the year before their death, and about one in five had contact with a professional in the month before death [6] . Unfortunately, there is no gold-standard treatment for prevention of suicidality [7] . To improve prevention and treatment strategies, the field of suicidology would benefit from new insights into the psychopathology of suicidal processes.
In this paper, we describe the theoretical and conceptual rationale for the CASPAR study (Continuous Assessment for Suicide Prevention and Research). It will apply a novel approach to investigate suicidal processes, by combining implementation of a smartphone-based intervention for safety planning with basic science on suicidal processes. We will implement two mobile health applications to complement mental health care for suicidal patients in treatment, with the aim of improving their self-management skills to cope with a suicidal crisis and help the patient increase their awareness of crisis symptoms. A total of 60 participants will be recruited from three mental health care institutes in the Netherlands (e.g. GGZ InGeest, Parnassia and GGZ Delfland). We will investigate the dynamics of suicidal processes by using the data we will obtain from the implementation of these applications.
Safety planning

Safety planning approach
Safety planning is a psychosocial intervention used in treatment of high-risk suicidal patients (presence of significant suicidal ideation, suicidal intent or/and a recent suicide attempt) [8] . The basic premise underpinning the safety plan approach is that it increases patient's self-management competencies when faced with a suicidal crisis. It is a collaborative process between patient and clinician, win which potential coping strategies (e.g., what patients can do when they are in an acute suicidal crisis) are planned [9] . Safety planning strategies are used widely, for example, they form part of crisis response plans (e.g., Rudd et al. [10] ) and are embedded in multiple treatments targeting suicidal behaviour like the collaborative assessment and management of suicidality (CAMS) [11] and cognitive-behavioural therapy for suicide prevention (CBT-SP) [12] . More recently, Stanley and Brown [13] have developed a specific safety planning tool. Their safety plan consists of a written, prioritised list of warning signs, personalized coping strategies and sources of support that patients can use to alleviate a suicidal crisis. Stanley and Brown's safety planning tool is a systematic and comprehensive approach to maintaining safety in suicidal patients [13] .
Little research has studied the effects of safety planning on suicidal behaviour [14] , but attitudes of both patients and clinicians towards safety planning has been positive [12, 15] . With a safety plan, the patient is neither helpless nor alone [14] . Dutch suicide prevention guidelines recommend this intervention alongside treatment as usual (TAU) for at-risk mental health care patients [16] . However, safety planning is often not implemented in practice [17] , possibly due to the limited feasibility of traditional written safety plans which are either carried around or stored at the patients' home. Paper safety plans may not always be at hand in times of crisis, which is crucial considering the fluid nature of suicidal thinking and behaviour [9] .
Safety planning app: MYPLAN
Mobile technology provides new opportunities for personalised mental health care. Customized programs, called applications (apps), can be run on mobile devices for support, coaching or gathering information [18] . The World Health Organization (WHO) has recommended mobile devices as an option for providing support and therapy to people at risk of suicide [19] . Apps can be especially useful for suicide prevention interventions, because of their ability to deliver support and interventions in situ and at the time of crisis, as suicide ideation and behaviour can change rapidly [20] .
Most available apps targeting suicidal behaviour have limited interactivity and provide little more than a direct link to local or national support hotlines [21] , for example the app 'HELP Prevent Suicide' for Android and iOS (https://appadvice.com/game/app/help-prevent-suicide/791283546). One exception is MYPLAN, which is an interactive self-help smartphone app developed by Larsen (http://www.minplan.org), based on Stanley and Brown's safety plan intervention [13] . With interactive menus, audio and video, MYPLAN allows for more dynamic, personalised and engaging safety plans compared to the traditional paper-and-pencil methods and other apps targeting suicidal behaviour (see Figure 1) . MYPLAN facilitates dealing with a suicidal crisis by improving recognition of crisis symptoms and establishing the user's own experience with self-help skills. The feasibility of MYPLAN has been explored in a study conducted in Denmark and Norway [22] . In this study, patients responded positively to MYPLAN. In general they said that they experienced more ownership of their crisis strategies and actually used the app in times of crisis. MYPLAN is currently being investigated in Denmark in a randomised controlled trail (RCT) for its effectiveness on people at risk of suicide compared to the paper version of the safety plan, with suicide ideation as primary outcome measure (https://clinicaltrials.gov/ct2/show/NCT02877316). The CASPAR study runs parallel to this study and focuses on implementation of MYPLAN alongside basic science.
MYPLAN in the CASPAR study
In the CASPAR study, we are cooperating with the developers of MYPLAN to translate the safety planning app into Dutch and to implement the app in three mental health care institutes (n=60) in the Netherlands. To further encourage a patient's self-management outside treatment hours, we will ask patients to install a self-monitoring app that tracks mental health variables which will run alongside MYPLAN.
Real-time self-monitoring
Ecological Momentary Assessment
Self-monitoring techniques such as experience sampling or Ecological Momentary Assessment (EMA) [23] have been used to monitor psychiatric processes by daily repeated self-report questions [24] . The repeated assessments monitor behaviour and experiences over time and across settings, hereby enhancing ecological validity of questionnaires compared to traditional retrospective questionnaires. Furthermore, EMA reduces the likelihood of retrospection and recall biases that are associated with traditional questionnaires [24] .
Early versions of EMA relied on personal diaries with paper questionnaires that participants had to fill in at various times throughout the day prompted by watches or beepers [25] . Technological advances have made it possible to use electronic questionnaires instead of paper-based diaries. Handheld computers send prompts by themselves, hereby eliminating the back-filling problem (i.e., the possibility that participants may not respond to the questionnaires at the appropriate time or complete them all at once) that is associated with paper-based EMA [26] . Disadvantages of hand-held computers, like the necessity for participants to be trained in using the device and the need to carry around an extra device during the study, can be avoided by the use of EMA on personal smartphones [27] . Conducting EMA on personal smartphones with a major depressive disorder has already been shown to be feasible and low-cost [28] .
EMA is often used as a method of measuring dynamic processes, but some studies have reported behavioural changes in participants over the EMA monitoring period, thereby suggesting that ambulatory monitoring may constitute a therapeutic intervention itself [29] . EMA studies on substance dependence [30, 31] and chronic pain [32] suggest that intensive repeated assessment draws attention to the monitored behaviour and psychological states for which patients may otherwise have been inattentive. Insights into the nature and dynamics of the patients own symptomatology may engender feelings of control and empowerment in relation to their symptoms [29] .
Ecological Momentary Assessment with suicidal patients
Two studies have shown the feasibility of electronic monitoring of suicidal ideation, using handheld computers [33, 34] . Nock et al. [33] used EMA to measure suicidal and non-suicidal self-injurious thoughts and behaviours as they occurred in real-time, demonstrating the feasibility of using EMA in this group. In Husky et al.'s study [34] the feasibility of EMA in four samples at varying risk for suicide (e.g., recent suicide attempters, past suicide attempters, affective controls and healthy controls) was determined. Results indicated that repeated assessment by EMA variables assessing mood, suicidal ideation and self-harm with participants at risk for suicide is feasible, with the latter showing high compliance and no adverse effects. Importantly, the endorsement of negative thoughts and suicidal ideation were not reactive to the repeated measurements. These results are consistent with reports indicating that urges to self-harm do not increase after the assessment of suicidal ideation with retrospective questionnaires [35] . Husky et al. [34] suggest that ambulatory monitoring may even have an interventional effect on participants at risk for suicide. Possible positive reactive effects of EMA, defined as a decrease in hopelessness and an increase in activities, were only found in the high risk group after self-monitoring for one week.
Ecological Momentary Assessment in CASPAR
In the CASPAR study we aim to develop and implement our own EMA app for smartphones (both for iOS and Android operating systems) to enhance self-management of suicidal patients. The EMA app will be implemented into three mental health institutes in the Netherlands, together with MYPLAN. Each patient that participates in the CASPAR study will have two apps on their smartphones.
The EMA assessments in CASPAR will be direct, e.g. prompted single-item self-report questions, and indirect, e.g. unobtrusively collected variables that accumulate silently on the smartphone of patients without their interference, for example GPS-data, physical activity and the use of social apps by the patient. Those proxies of mental health measured by unobtrusive EMA (e.g. behavioural patterns, contextual triggers and social activity) are assumed to be clinically useful [36, 37] . For example, in an exploratory study using mobile phone sensor data, behavioural markers were related to depressive symptom severity [37] . Unfortunately, unobtrusive EMA is a young method and the true potential has still to be unlocked [38] .
For the direct assessments, we will create EMA items based on existing validated questionnaires related to suicidology, like the Patient Health Questionnaire (PHQ) [39] and the Short Defeat and Entrapment Scale (SDES) [40] , to enable self-monitoring. An example of an EMA-based question is 'In the past hour I was feeling down'. The respondent can answer their level of agreement on a 7-point Likert scale ranging from disagree (-3) to agree (3) .
The patient will have access to their own EMA results. The course of each variable over time (of both direct and indirect assessment) will be accessible in the app, displayed in user friendly graphics. These results give the patient insight into the dynamic fluctuations and connections between their own symptomatology and daily life patterns hereby enhancing their feelings of control and empowerment in relation to their symptoms. To carry out self-monitoring and to use the EMA results in treatment will require the active engagement of the patient in their own recovery, thereby enhancing their responsibility of progress and self-management [29] .
In future, the EMA data may be used in therapeutic interventions. Patients and clinicians could discuss the past week by looking at the monitoring data displayed on the patient's smartphone. This will reduce the recall bias of patients because they do not have to rely only on their memory. The clinician will get a more complete view of the patient's changes in symptoms, which will improve the understanding of the therapeutic processes as well as mental processes and suicidal ideation and behaviour of the patients over time [29, 41] .
In addition to potential clinical benefits, EMA data can be used for basic science. Many investigations of suicidal processes focus on bivariate associations between theoretical demographic or psychiatric factors and suicidal behaviours [42] even though there is no debate among epidemiologists that suicidal behaviours are complex and determined by multiple phenomena [1, 4] . The CASPAR study aims to use EMA data to monitor the multidimensional unfolding of behavioural and emotional processes in real-time. With the data we hope to capture the dynamics of suicidal processes of individual patients better [26] .
Dynamic model of suicidal processes
With regard to the multiple risk factors, the Integrated Motivational-Volitional (IMV) model of suicidal behaviour was developed by O'Connor [43] to conceptualise suicidality. This model will be used in the CASPAR study as a framework to study suicidal processes.
Integrated Motivational-Volitional (IMV) model of suicidal behaviour
The IMV model integrates key factors from earlier theories, like the Theory of Planned Behaviour [44] , the diathesis-stress hypothesis [45] and the arrested flight model of suicidal behaviour [46] , to map the transition from suicidal thoughts to suicidal behaviour (Figure 2) . In the IMV model, suicidal behaviour is conceptualised as a behaviour that develops through motivational and volitional phases. The motivational phase describes the factors that govern the development of suicidal ideation and intent, e.g. defeat, worrying and entrapment and rumination. The volitional phase factors govern the transition from suicidal thinking to suicidal behaviour and include access to the means of suicide, the personal capacity for carrying out suicide and impulsivity [1, 43] There is growing evidence in supports of the IMV model with several studies having yielded support for the central tenets of the model. Higher levels of defeat are associated with suicide ideation [47] and entrapment, defined as blocked attempts to escape from high stress or defeating circumstances, was found to be the most important modifiable predictor of repeat suicidal behaviour four years after a previous attempt [48] . Other studies have demonstrated that volitional phase factors are key to the emergence of suicidal behaviour, like impulsivity [49] and access to means [50, 51] . As these studies are based on retrospectively collected data they may lack ecological validity [52] . Validation of the postulated transition from one stage to the next requires assessment of day-to-day fluctuations and patterns in the burden, intensity, severity and duration of suicidal ideation, rumination and other relevant factors, as outlined within the IMV model [43] .
IMV model and analysis in the CASPAR study
The CASPAR study aims to receive real-time data with EMA, both from the direct and indirect assessments. With these data we hope to capture the dynamics of psychological processes and stages of suicidal processes, both on an aggregated and individual level. To understand suicidal processes, multiple psychometric techniques will be used.
For each individual patient, we will construct longitudinal pathways by using latent class mixed modelling. Path analysis (as a structural equation model, e.g. Bagozzi & Yi, 2012 [53] ) will be used to validate the expected coherence of factors based on the IMV model. To grasp the complex organization of multiple symptoms we will use the network approach. This approach conceptualizes symptoms as mutually interacting, often reciprocally reinforcing, elements of a complex network [54, 55] . Network analysis have been successfully used in the field of psychosis [56] , personality research [57] and depression [58] , contributing to advances in psychopathology research. For instance, non-DSM symptoms of depression (e.g. sympathetic arousal, somatic complaints and panic) [59] were found to be equivalent connected with other symptoms in a network as DSM depression symptoms [60] . The network approach has yielded promising results in many different sectors and first steps of using this approach in the field of suicidology are made [61] . The CASPAR study will take the next step by using the network approach based on EMA data in this population.
Discussion
Suicidal behaviour is difficult to predict and prevent, even for experienced mental health care professionals. The known risk factors for suicidal behaviour are often static and distal, and researched in bivariate associations, which are not sufficiently specific to describe the complex dynamic processes of suicidality. More sophisticated techniques are required to enhance existing theories and to improve treatment and prevention of suicidal behaviours. At the moment there are several recommended evidence based treatments for suicidality, and in all of these treatments an important intervention is safety planning [16] . Identifying coping strategies and defining sources of support for patients for use in times of crisis helps those who are vulnerable to better recognise symptoms and develop self-help skills. Though, the safety plan intervention is often not implemented in practices [17] , possible due to the limited feasibility of traditional written form. To this end, the electronic suicide safety app MYPLAN was developed to increase the availability of care at times of crisis compared to the traditional paper-based plans, hereby extending care for suicidal patients from one hour a week in a private session to 24/7. Another tool for enhancing self-management of patients is self-monitoring. Intensive repeated assessment can draw attention to the monitored behaviour and psychological states. Awareness of the patients' own symptomatology may engender feelings of control in relation to their symptoms.
The CASPAR study aims to implement MYPLAN and an EMA app for real-time self-monitoring in three mental health care institutes in the Netherlands (n=60) to enhance self-management of patients at risk of suicide. Patients will have access to their own EMA results, displaying the course of each variable over time in graphics. These results give the patient an insight into the dynamic fluctuations and inter-connections between their own symptomatology and daily life patterns, hereby enhancing their feelings of control and empowerment. The EMA data will also be used in therapy, when the patient shares his or her data. The clinician will get a more complete view of the patient's changes in symptoms, which will improve understanding of the individual therapeutic process. The monitoring data can also give an indication of the effect of interventions, allowing professionals and patients to change course if the desired effect is not achieved. Clinicians can specify interventions based on the needs of the individual patient. Of course, to achieve the goals of selfmonitoring and to successfully use the EMA results in treatment will require active engagement of the patient in their recovery, thereby enhancing their responsibility of progress and self-management. Feasibility of the implementation will be tested by usability (e.g. the extent to which the applications are easy to use and accessible) [62, 63] , uptake and acceptability of using both tools and at last the acceptability of data sharing by the patients. Due to the novelty of this project, outcomes of implementation do not have a pre-defined endpoint but will be closely monitored.
A second aim of the CASPAR study is to use the EMA data to conduct basic science research into the psychological processes that underpin suicidal ideation and behaviour. Specifically, we will use the data to empirically test the hypothesised psychological processes and pathways as outlined within the IMV model of suicidal behaviour. Finally, CASPAR aims to identify individual pathways to suicidal behaviour identify specific profiles of subtypes of suicidal individuals.
After ending the CASPAR study, we will further implement the safety plan and self-monitoring tools in mental health care and beyond. The results of fundamental research will inform guidelines and treatment development. We will disseminate the results of our fundamental research through several different national and international networks (e.g. 113Online, NIVEL, IASP and ISRII).
Despite these high expectations some points of discussion have to be appointed. The CASPAR study will include chronic depressive participants at risk of suicide. With life and dead at stake, this group of participants is vulnerable [35] . Their vulnerability can lead to questions of competence and voluntariness of suicidal patients to participate in research, often resulting in more ethical concerns regarding methodologies and research protocols than studies of more innocuous issues. For example, the potential negative influence on a suicidal patient when assigned to a non-treatment control group [64] . The CASPAR study will apply a new method to study suicidology in which we will complement current treatments to enhance self-management in effort to gain data to study basic science. An expected consequence of this method is a mutual influence of MYPLAN and EMA. We expect that the use of MYPLAN will have effect on the results of EMA data and we assume that EMA will influence the participants as well. Thereby, we will study chronic depressive patients at risk of suicide who are in treatment. According to us a new method to study this high-risk group in an ethical way.
In sum, this project should lead to better self-management of suicidal patients and simultaneously studies of the dynamics of suicidal processes, potentially resulting in less suicidal behaviour in patients and more insight in the dynamics of suicidal behaviour. The CASPAR project started in the Netherlands on the first of November 2016 and is currently in the preparatory phase. The start of implementation is planned in 2018.
